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(54) Output control system for series hybrid vehicle 



(57) A system for controlling a series hybrid vehicle, 
having an internal connbustion engine (1 0) whose output 
is regulated by a throttle valve (14)^ a generator-nnotor 
(22) connected to the engine to.be rotated by the engine, 
an electric energy storage nneans (26) connected to the 
first generator-motor to be charged by the first genera- 
tor-motor, and a second generator-motor (36) connect- 
ed to at least one of the first generator-motor and the 
electric energy storage means to input an output of at 
least one of the first generator-motor and the electric 



energy storage means to drive wheels (28) of the vehicle 
to propel the vehicle. In the system, a desired engine 
speed is determined to minimize fuel consumption, and 
a desired power generation amount of the first genera- 
tor-motor is determined based on a determined desired 
power generation based value and the desired engine 
speed. Then, the throttle opening is controlled to 
achieve the desired power generation amount, thereby 
optimizing fuel consumption, while rapidly converging 
the engine speed on the desired value, without stalling 
the internal combustion engine. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to an output control sys- 
tem tor a series hybrid vehicle, more particularly to an 
output control system for a series hybrid vehicle that 
controls the output (power) of a generator-motor so as 
to achieve the input required by an electric motor for 
driving wheels at the engine speed providing optimum 
fuel efficiency in real time. 



Description of the Related Art 

[0002] Hybrid vehicles that combine a generator-mo- 
tor and an internal combustion engine are of two general 
types: series hybrid vehicles whose wheels are driven 
solely by an electric motor (generator-motor) and paral- 
lel hybrid vehicles whose wheels are driven by either or 
both an electric motor (generator-motor) or and an in- 
ternal combustion engine. 

[0003] A series hybrid vehicle is generally equipped 
with an Internal combustion engine, a first generator- 
motor connected with the engine, a battery (electrical 
energy storage means) connected with and charged by 
the first generator-motor, and an electric motor (second 
generator-motor) for driving the wheels that is powered 
by the output of either the first generator-motor or the 
battery. Various techniques have been proposed for 
controlling the output of the first generator-motor of such 
a series hybrid vehicle. 

[0004] Japanese Laid-Open Patent Application No. 
Hei 5(1 993)-1 46,008, for example, teaches a system for 
achieving power distribution without causing mechani- 
cal shock that responds to the input required by the 
wheel drive motor by selecting one mode from among 
"battery only," "generator-motor only" and "battery plus 
generator-motor," determines the generator-motor out- 
put voltage needed to effect the required input in the se- 
lected mode, and. while monitoring the generator-motor 
output voltage, battery output voltage, engine speed or 
generator-motor output voltage, controls the field cur- 
rent of the generator-motor to obtain the determined 
generator-motor output. 

[0005] More specifically, this conventional system at- 
tempts to improve fuel efficiency by operating the inter- 
nal combustion engine in the range between 100% and 
60% of maximum output and effecting operation outside 
this operating range in combination with the battery or 
by the battery alone. 

[0006] However, the way these conventional technol- 
ogies deal with the wheel drive motor being operated at 
maximum output is to add the battery output to the gen- 
erator-motor output. Therefore, at a time when the 
wheel drive motor is operating at maximum output, if an 
attempt should be made to secure all power required by 



the wheel drive motor solely from the generator-motor 
without relying on the battery, the internal combustion 
engine would have to be operated over a relatively 
broad output range. 

s [0007] From the viewpoint of fuel efficiency, an inter- 
nal combustion engine should preferably be operated at 
the BSFC (Brake Specific mean Fuel Consumption) 
point, i.e. , the point where fuel consumption is minimum. 
The conventional technologies leave room for fuel effl- 

10 ciency improvement, particularly when operation over a 
relatively broad range is attempted as discussed above. 
[0008] Moreover, when the on-board battery of the ve- 
hicle is relatively small, and also when the required input 
increases momentarily in response to the operating 

^5 state, supply of the required input must be controlled in 
real time. 

SUMMARY OF THE INVENTION 

20 [0009] A first object of the present invention is there- 
fore to overcome the drawbacks explained in the fore- 
going by providing an output control system for a series 
hybrid vehicle that determines the desired output (pow- 
er) of the first generator-motor based on the requirement 

2B of the second generator-motor (electric motor) in real 
time and supplies the desired output (power) in real time 
while effecting operation so as to minimize Internal com- 
bustion engine fuel consumption, i.e., optimize the BS- 
FC. 

30 [0010] When the desired engine speed is determined 
to optimize the BSFC. from the aspect of response rapid 
convergence on the desired value is preferable. 
[0011] A second object of the present invention is 
therefore to provide an output control system for a series 

35 hybrid vehicle that determines the desired output (pow- 
er) of the first generator-motor based on the requirement 
of the second generator-motor (electric motor) in real 
time, supplies the desired output (power) in real time 
while effecting operation so as to minimize internal com- 

40 bustion engine fuel consumption, i.e., optimize the BS- 
FC, and Improves response by rapidly converging the 
engine speed on the desired value. 
[0012] When the engine speed is rapidly converged 
on the desired value, the internal combustion engine 

46 must be prevented from stalling. 

[001 3] A third object of the present invention is there- 
fore to provide an output control system for a series hy- 
brid vehicle that determines the desired output (power) 
of the first generator-motor based on the requirement of 

so the second generator-motor (electric motor) In real time, 
supplies the desired output (power) in real time while 
effecting operation so as to minimize internal combus- 
tion engine fuel consumption, i.e.. optimize the BSFC, 
and improves response by rapidly converging the en- 

55 gine speed on the desired value without stalling the in- 
ternal combustion engine. 

[0014] This invention achieves these objects by pro- 
viding a system for controlling the output of a hybrid ve- 
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hide, having an internal connbustion engine whose out- 
put is regulated by air amount regulating means, e.g. a 
throttle valve, a first generator-motor connected to the 
engine to be rotated by the engine, an electric energy 
storage means connected to the first generator-rrxDtor 
to be charged by the first generator-motor, and a second 
generator-motor connected to at least one of the first 
generator-motor and the electric energy storage means 
to input an output of at least one of the first generator- 
motor and the electric energy storage means to drive 
wheels of the vehicle to propel the vehicle, comprising; 
desired first generator-motor power generation base 
value determining means for determining a desired 
power generation base value of the first generator-nno- 
tor which the first generator-motor is desired to gener- 
ate; desired engine speed determining means for deter- 
mining a desired engine speed which the engine is de- 
sired to generate; desired first generator-motor power 
generatbn amount determining means for determining 
a desired power generation amount of the first genera- 
tor-motor which the first generator-motor is desired to 
generate, based on the determined desired power gen- 
eration base value and the desired speed; desired air 
amount determining means for determining a desired 
throughput of the air amount regulating means based 
on the desired power generation amount of the first gen- 
erator-motor; and air amount regulating means driving 
means for driving the air amount regulating means 
based on the determined air amount. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0015] This and other objects and advantages of the 
invention will be more apparent from the following de- 
scription and drawings, in which: 

Figure 1 is an overall schematic view showing an 
output control system for a series hybrid vehicle ac- 
cording to an embodiment of the invention; 
Figure 2 is a flow chart showing the operation of the 
system, more particularly the calculation or deter- 
mination of a desired amount of electric power gen- 
eration PGCMD during the operation of the control 
system illustrated in Figure 1 ; 
Figure 3 is an explanatory graph showing the char- 
acteristics of a map defining a desired power gen- 
eration base value PGCMDBS referred to in the 
flow chart of Figure 2; 

Figure 4 is an explanatory graph showing the char- 
acteristics of an internal combustion engine illus- 
trated in Figure 1 for explaining a desired engine 
speed referred to in the ffow chart of Figure 2; 
Figure 5 is a block diagram showing a throttle open- 
ing control based on the desired power generation 
amount during the operation of the control system 
illustrated in Figure 1; 

Figure 6 is a block diagram showing the control of 
the desired power generation amount during the op- 



eration of the control system illustrated in Figure 1 ; 
Figure 7 is a time chart showing the control illustrat- 
ed in Figure 5 and Figure 6; 
Figure 8 is an explanatory graph showing the char- 
s acteristics of a map defining an upper limit value 
PGLMTHI for preventing engine stalling referred to 
in the flow chart of Figure 2; 
Figure 9 is a flow chart showing the operation of the 
system, more particularly the calculation or deter- 
ge mination of a desired throttle opening THCMD (il- 
lustrated in the block diagram of Figure 5) during 
the operation of the control system illustrated in Fig- 
ure 1 ; and 

Figu re 1 0 is an explanatory g raph showing the char- 
ts acteristics of a map defining a desired throttle open- 
ing base value THLMAP referred to in the flow chart 
of Figure 9. 

DETAILED DESCRIPTION OF THE PREFERRED 
20 EMBODIMENT 

[0016] An embodiment of the present invention will 
now be explained with reference to the drawings, by way 
of example only. 

2S [0017] Figure 1 is an overall schematic view of an out- 
put control system for a series hybrid vehicle for explain- 
ing embodiments of the present invention. 
[0018] Reference numeral! 0 in this figure designates 
an OHC in-line four-cylinder internal combustion engine 

30 (hereinafter called simply "engine"). Air drawn into an 
air intake pipe 12 through an air cleaner (not shown) 
mounted on its far end is supplied to the cylinders (not 
shown) through a surge tank (not shown) and an intake 
manifold (not shown), while the flow thereof is adjusted 

35 by a throttle valve 14. 

[0019] A fuel injector (not shown) for injecting fuel is 
installed in the vicinity of the intake valve (not shown) of 
each cylinder. The injected fuel mixes with the intake air 
to form an air-fuel mixture that is ignited in the associ- 

40 ated cylinder by a spark plug (not shown). The resulting 
combustion of the air-fuel mixture drives down a piston 
(not shown) to rotate a crankshaft 16. 
[0020] The exhaust gas produced by the combustion 
is discharged through an exhaust valve (not shown) into 

45 an exhaust manifold (not shown), from where it passes 
through an exhaust pipe 18 to a catalytic converter (not 
shown) to be purified and then discharged to the exte- 
rior. 

[0021] Theengine 10 is connected to a first generator- 
50 motor 22. Specifically, the crankshaft of the engine 10 
is coaxially connected directly to an input shaft 22a of 
the first generator-motor 22. The first generator-motor 
22 is therefore rotated synchronously with the rotation 
of the engine 10. 
55 [0022] The first generator-motor 22 is a DC brushless 
generator-motor and can produce approximately the 
same output as the engine 1 0. The first generator-motor 
22 operates as an electric motor or a generator in re- 
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sponse to a desired command value. 
[0023] The first generator- motor 22 is connected 
through a first inverter 24 to a battery 26 (electrical en- 
ergy storage means) installed at an appropriate place 
in the vehicle (not shown) equipped with the engine 10. 
When the first generator-motor 22 operates as a gener- 
ator its output or power (generated energy) is converted 
to DC voltage by the first inverter 24 and the DC voltage 
is used to charge the battery 26. 
[0024] When the first generator-motor 22 operates as 
an electric motor, battery discharge voltage is converted 
to AC by the first inverter 24 and applied to the first gen- 
erator-motor 22 to rotate the engine 10. Driven wheels 
28 of the vehicle (front wheels; only one shown) are con- 
nected through drive shafts 30 (only one shown) to a 
differential mechanism 34 whose input end is connected 
directly to the output shaft of a second generator-nrwDtor 
36. 

[0025] The second generator-motor 36 is also a DC 
brushless generator-motor and like the first generator- 
motor 22 can also produce approximately the same out- 
put as the engine 10. The second generator-motor 36 
also operates as an electric motor or generator in re- 
sponse to a desired command value. 
[0026] The second generator-motor 36 Is connected 
through a second inverter 38 to the battery 26. When 
the second generator-motor 36 operates as a generator 
its output or power (generated energy) is converted to 
DC voltage by the second inverter 38 and the DC volt- 
age is used to charge the battery 26. When the second 
generator-motor 36 operates as an electric motor, bat- 
tery discharge voltage is converted to AC by the second 
inverter 38 and applied to the second generator-motor 
36 to rotate the drive wheels 28 and propel the vehicle. 
[0027] The vehicle is thus constituted as a series hy- 
brid vehicle that rotates the wheels solely by the output 
of the second generator-motor 36. In the series hybrid 
vehicle of this embodiment, the input required by the 
second generator-motor 36 (the required electric power) 
is determined (calculated) in real time based on the op- 
erating condition of the vehicle and the determined (cal- 
culated) required input Is basically supplied solely by the 
first generator-motor 22 having substantially the same 
output capability as the engine 10. 
[0028] While this is the basic operation, exceptions 
arise because the engine 10 is operated intermittently 
Specifically, in the high-load region it Is operated at the 
high-efficiency point where the BSFC is optimum, i.e., 
at the point of minimum fuel consumption, and is 
stopped in the low-load region. When the engine 10 is 
stopped and the first generator-motor 22 therefore pro- 
duces no output, the input required by the second gen- 
erator-motor 36 Is supplied by the battery 26. 
[0029] The battery 26 need only be capable of output 
of power during intermittent operation and input/output 
of power during regeneration. It can therefore be a bat- 
tery of relatively small capacity capable of providing volt- 
age on the level commonly used in electric vehicles (200 



V - 300 V). A second on-board battery 40 of around 12 

V is provided separately of the battery 26 at an appro- 
priate place on the engine 10 for supplying power to an 
Electronic Control Unit (ECU) 70 and other electrical 

5 components. 

[0030] The engine 10 is equipped with an EGR sys- 
tem 42 that uses a bypass to return part of the exhaust 
gas from the exhaust pipe 18 to the air Intake pipe 12. 
The EGR rate is adjusted by an EGR control valve 44. 
70 The engine 10 is also equipped with a variable valve 
timing system (denoted as V/T in Figure 1) that varies 
the opening/closing times and the lilts (Including rest op- 
eration) of the intake and exhaust valves. As the variable 
valve timing system V/T is described in Japanese Laid- 
rs Open Patent Application No. Hei 8(1 998)-74.545. for ex- 
ample, it will not be described further here. 
[0031] The throttle valve 14 is connected with and 
opened/closed by a stepping motor 46 not mechanically 
linked with an accelerator pedal (not shown) located on 
20 the floor o1 the vehicle near the vehicle operator's seat. 
A throttle position sensor 50 is connected with the step- 
ping motor 46 and, based on the amount of rotation of 
the stepping motor outputs a signal representing the 
opening of the throttle valve 14 (throttle opening TH). 
25 [0032] A crank angle sensor 52 Installed in the vicinity 
of the crankshaft 16 of the engine 10 outputs a signal 
representing the piston crank angles and a manifold ab- 
solute pressure sensor 54 provided in the air intake pipe 
1 2 downstream of the throttle valve 1 4 outputs a signal 
30 representing the absolute manifold pressure (indicative 
of engine load) PBA. A coolant temperature sensor 56 
provided at an appropriate place in a coolant water pas- 
sage (not shown) of the engine 10 outputs a signal rep- 
resenting the engine coolant temperature TW. 
35 [0033] A current sensor 58 and a voltage sensor 60 
incorporated In an input/output circuit of the battery 26 
output signals proportional to the input/output current 
and voltage of the battery 26. Current sensors 62 and 
64 incorporated in input/output circuits of the first gen- 
40 erator-motor 22 and the second generator-motor 36 out- 
put signals proportional to the respective input/output 
currents. 

[0034] The outputs of the sensors are sent to the E CU 
70. The ECU 70, which comprises a microcomputer, 

45 controls the operation of, among others, the engine 1 0, 
the first generator-motor 22 and the second generator- 
motor 36 based on the sensor outputs. 
[0035] The operation of the output control system for 
the series hybrid vehicle according to this embodiment 

50 will now be explained. 

[0036] Figure 2 is a flow chart of the processing oper- 
ations for calculating (determining) the desired amount 
of electric power generation during operation of the out- 
put control system. The program according to this flow 

55 chart is executed at prescribed intervals of, for example, 
10 msec. 

[0037] First, in S10, a desired power generation base 
value PGCMDBS is calculated (determined). 
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[0038] This will be explained. As mentioned earlier. In 
the systenn of this embodiment, the first generator-motor 
22 supplies (generates) the required input of the second 
generator-motor 36 (the amount of power generated/ 
consumed) in real time, without going through the bat- 
tery 26. which therefore does not require large capacity. 
Specifically, a desired output (desired torque and re- 
quired input or power consumption) is determined 
based on the amount of operation of the accelerator 
pedal by the vehicle operator and the current vehicle 
speed. Next, the desired output is multiplied by a cor- 
rection coefficient to correct it for the efficiency of the 
battery 26 and the efficiencies of the first and second 
inventors 24 and 38. The product is defined as the de- 
sired power generation base value PGCMDBS of the 
first generator-motor 22. 

[0039] Next, in SI 2, it is checked whether the bit of a 
flag F.EGR is set to 1 . The bit of this flag is set to 1 in 
the ECU 70 when EGR control is being effected. The 
check in 812 therefore amounts to determining whether 
or not EGR control is being conducted in the engine 1 0. 
[0040] When the result in SI 2 is YES, the program 
goes to 814, in which a value NECMDMAP is retrieved 
from a map NECMDMPE (whose characteristics are 
shown in Figure 3) using the desired power generation 
base value PGCMDBS as address datum and the de- 
sired engine speed NECMD is calculated or determined 
from the retrieved value NECMDMAP When the result 
is NO, the program goes to 816, in which the desired 
engine speed NECMD is calculated from the value re- 
trieved from a similar map NECMDMP (whose charac- 
teristics are not shown) using the same parameter as 
address datum. 

[0041] Figure 4 is an explanatory diagram showing 
how engine speed NE of the engine 1 0 varies as a func- 
tion of the load Ps (corresponding to the manifold abso- 
lute pressure PBA in the intake pipe). As shown, in order 
to achieve high -efficiency operation, this embodiment 
sets the desired operating line of the engine 1 0 in the 
region near the WOT output line where the fuel efficien- 
cy is good. Specifically, the desired engine speed NEC- 
MD is set to the value found through advance testing to 
optimize the BSFC, i.e., to minimize fuel consumption, 
at the desired power generation base value PGCMDBS. 
[0042] Returning to the explanation of the flow chart 
of Figure 2, next in Si 4 or 81 6, the desired engine speed 
NECMD of the engine 10 is determined in accordance 
with the so-determined desired power generation base 
value PGCMDBS. (As the engine output differs depend- 
ing on whether or not EGR is in operation, the desired 
engine speed NECMD is modified accordingly.) 
[0043] Next, in S1 8, the output of the crank angle sen- 
sor 52 is used to calculate or determine the deviation or 
error SNE between the detected engine speed NE and 
the determined desired engine speed NECMD. Then, in 
S20, the desired power generation base value PGCM- 
DBS and the calculated deviation SNE are used as ad- 
dress data for retrieving a map PGLMTMP (whose char- 



acteristics not shown) and a gain KNE (a gain in the 
(proportional control rule) Is calculated from the re- 
trieved value KNEMAP. 

[0044] A general explanation of the operation of the 
s output control system for the series hybrid vehicle ac- 
cording to this embodiment will now be given with re- 
spect to Figure 5 etc. 

[0045] In this control, the desired power generation 
base value of the first generator-motor 22 is calculated 

10 (determined), the calculated value is corrected to calcu- 
late or determine a desired power generation amount 
PGCMD in real time, and, as shown in Figure 5, the out- 
put of the engine 10 is feedback-controlled through the 
throttle opening TH to bring the generated power output 

IS of the first generator-motor 22 to the desired power gen- 
eration amount PGCMD. 

[0046] On the other hand, the desired engine speed 
NECMD at the point of optimum BSFC, i.e., the point of 
minimum fuel consumption, is calculated or determined 

20 for the calculated desired power generation base value 
and the desired power generation base value PGCMD- 
BS is corrected to calculate (determine) the desired 
power generation amount PGCMD so as to converge 
the engine speed NE on the desired engine speed NEC- 

25 MD. 

[0047] Specifically, as shown in Figure 6. the devia- 
tion between the detected (current) engine speed NE 
and the desired engine speed NECMD is calculated or 
determined, the result is multiplied by the gain KNE. the 
30 desired power generation base value PGCMDBS is 
added to the product, and the sum is defined as the de- 
sired power generation amount of the first generator- 
motor 22. 

[0048] The foregoing will be explained more specifi- 
cs cally with reference to Figure 7. Assume that the desired 
power generation base value PGCMDBS is changed 
from 5 kW to 30 kW and that, in line with this, the desired 
engine speed NE is changed from 1 ,570 rpm to 3,100 
rpm. 

40 [0049] The engine output is basically controlled by the 
throttle opening TH. The throttle opening TH therefore 
increases rapidly in response to the increase in the de- 
sired power generation base value. At this time, the de- 
sired power generation amount decreases temporarily 

45 at the change time point owing to a temporary decrease 
in the output of the first generator-motor 22. However, 
it thereafter reverses to the increase direction and, after 
the passage of time dT from the change time point, con- 
verges to the desired value. Owing to the temporary de- 

50 crease in the output of the first generator-motor 22, it 
permits the engine 1 0 to rotate freely. The engine speed 
NE therefore quickly converges to the desired engine 
speed NECMD. The convergence timedT is determined 
by the gain KNE. When the gain is large, convergence 

ss is fast but the control amount fluctuates. When it is small, 
the stability o1 the control is good but more time is need- 
ed for convergence. 

[0050] As shown in Figure 5, a throttle opening cor- 
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rection value is calculated or determined using a PID 
(Proportional-Integral-Differential) control rule, while, as 
shown in Figure 6. a desired power generation amount 
(output) correction value Is calculated or determined us- 
ing only the P control rule. This arrangement was adopt- 
ed because the steady-state deviation of the first gen- 
erator-motor 22 can be absorbed by the throttle opening 
control shown in Figure 5 and also because of the de- 
sirability of preventing interference between the two 
control systems to the utmost possible. 
[0051] Returning again to the explanation of the flow 
chart of Figure 2, next, in S22. the desired power gen- 
eration amount PGCMD Is calculated or determined In 
the manner explained with reference to Figure 6, i.e.. by 
adding an output correction value (engine speed feed- 
back amount) to the desired power generation base val- 
ue PeCMDBS. 

[0052] Then, in S24, a value PGLMTMAP is retrieved 
from a map PGLMTMP (whose characteristics are 
shown in Figure 8) using the detected engine speed NE 
as address datum and the upper limit value PGLMTHI 
of the desired power generation amount PGCMD is cal- 
culated or determined by adding a small value 
DPGLMTH to the retrieved value PGLMTMAP. The up- 
per limit value PGLMTHI is a limit value for preventing 
stalling of the engine 10. 

[0053] Specifically, when the first generator-motor 22 
is driven by the engine 10, the engine 10 is liable to stall 
if the first generator-motor output becomes extremely 
large relative to the engine output. An upper limit value 
is therefore set in accordance with the engine speed NE. 
Stalling is particularly likely to occur in the low engine 
speed, low output region (NE = 1 ,000 rmp or less) be- 
cause balancing of the engine output and the generator- 
motor output is difficult in this region. The upper limit val- 
ue PGLMTHI is therefore set to keep the engine speed 
from falling below a prescribed value (NE = 1 .200 rpm). 
[0054] Then, in S26 of the flow chart of Figure 2, It is 
checked whether the desired power generation amount 
PGCMD is greater than the upper limit value PGLMTHI. 
When the result is YES, the program goes to 828, in 
which the desired power generation amount PGCMD is 
replaced by GLMTHt. When the result is NO, the pro- 
gram goes to 830, in which the desired power genera- 
tion amount is set as such without modification. 
[0055] Next, in S32, it is checked whether the desired 
power generation base value PGCMDBS is less than 
zero (negative) or whether the bit of a flag F.ENGRUN 
is set to 1 . The bit of the flag FENGRUN is set to 1 In a 
separate routine (not shown) when the engine is run- 
ning. The check in S32 therefore amounts to determin- 
ing whether the engine Is stopped or whether the first 
generator-motor 22 is not required to generate power. 
[0056] When the result in S32 is YES, the program 
goes to S34 in which the desired power generation 
amount PGCMD is set to zero. When it is NO, the pro- 
gram goes to S36 In which It is checked whether the 
desired power generation amount PGCMD is greater 



than the maximum output PGCMDHl of the first gener- • ^ 
ator-motor 22. When the result is YES. the program 
goes to S38. in which the desired power generation 
amount is restricted to the maximum value PGCMDHl. 

5 [0057] When the result in S36 is NO, the program 
goes to S40. In which it is checked whether the desired 
power generation amount PGCMD is less than the min- 
imum output PGCMDLO of the first generator-motor 22. 
When the result is YES, the program goes to S42, in 

10 which the desired power generation amount is restricted 
to the minimum value PGCMDLO. 
[0058] When the result in 840 is NO., the program 
goes to S44, in which it is checked whether the detected 
coolant temperature TW is less than a prescribed value 

IS TWVTECH/L and the desired power generation amount 
PGCMD is greater than a prescribed value PMVTLMT. 
[0059] As mentioned earlier, the engine 10 is 
equipped with the variable valve timing system V/T. 
When the detected coolant temperature TW is less than 

20 the prescribed value TWVTECH/L, the variable valve 
timing system V/T is prohibited from effecting control for 
switching the valve timing characteristics to the high- 
speed side. The prescribed value PMVTLMT is the min- 
imum value at which the desired power generation 

2S amount can be achieved solely by high-speed side valve 
timing characteristics. The check in S44 therefore 
amounts to determining whether, when switchover to 
high-speed side valve timing characteristics is prohibit- 
ed, the desired power generation amount is greater than 

30 the value beyond which the desired power generation 
amount cannot be achieved without switching to such 
characteristics. 

[0060] When the result in 844 is YES, the program 
goes to S46, In which the desired power generation 
35 amount is set to the minimum value. When it is NO, the 
program goes to S48 in which the desired power gen- 
eration amount is set as such without modification. 
[0061] The calculation or determination of the desired 
throttle opening THCMD In accordance with the desired 
40 power generation amount determined in the forgoing 
manner, already generally explained with reference Fig- 
ure 5, will now be explained in detail. 
[0062] Figure 9 is a flow chart of the processing oper- 
ations for this calculation or detemnination. The program 
45 according to this flow chart is also executed at pre- 
scribed intervals of, for example, 10 msec. 
[0053] First, in S100, it is checked whether the bit of 
a flag FCRANK is set to 1 . The bit of this flag set to 1 
during control effected by a separate routine (not 
so shown) when the engine 1 0 is starting (start mode). 
[0064] When the result in SI 00 is YES, the program 
goes to S102, in which the desired throttle opening TH- 
LCMD is sQt to a prescribed start mode value THSTS. 
When it is NO, the program goes to S 104, in which it is 
55 checked whether the desired power generation base 
value PGCMDBS is less than zero, i.e., whether a gen- 
eration command has been issued. 
[0065] When the result in S 104 is NO, the program 
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goes to SI 06. in which it is checked whether the bit of 
the flag REGR is sal to 1 . When it is YES, the program 
goes to SI 08. In which a desired throttle opening base 
value THLMAP is retrieved from a map THCMDMPE 
(whose characteristics are shown in Figure 1 0) using the s 
desired power generation base value PGCMDBS as ad- 
dress datum. When the result Is NO, the program goes 
to S11 0, in which the desired throttle opening base value 
THLMAP is retrieved from a similar map THCMDMP 
(whose characteristics are not shown). io 
[0066] The reason for using a different desired throttle 
opening base value THLMAP depending on whether or 
not EGR Is In effect is because, as explained earlier, the 
engine output differs depending on whether or not EGR 
Is in effect. ^5 
[0067] Next, in 8112, an opening correction value 
(generation feedback amount) is calculated or deter- 
mined. As shown in Figure 5, the actual power output 
currently generated by the first generator-motor 22 is 
estimated and the deviation between the desired power 20 
generation anriount PGCMD determined by the process- 
ing of the flow chart of Figure 2 and the estimated power 
output PGA is calculated or determined and the result 
is multiplied by PID (Proportional-lntegral-Oifferential) 
control gains (Illustrated generally as "PID" in the figure, 25 
I.e.. kpTH (P gain), klTH (I gain) and kdTH (D gain)) to 
obtain an output correction amount KTHPG. 
[0068] Specifically, the remaining battery energy is 
calculated from the outputs of the current sensor 58 and 
the voltage sensor 60, the power consumption of the 30 
second generator-motor 36 is subtracted from the result 
to obtain the power generation voltage of the first gen- 
erator-motor 22, the result is corrected by the resistance 
value of the circuit resistance and the like, the actual 
power output PGA which the first generator-motor 22 35 
generates is estimated, then deviation between the de- 
sired power generation amount and the estimated actu- 
al power output is calculated or determined, and the re- 
sult is then multiplied by the PID gains to calculate or 
determine the output correction amount KTHPG. ^^o 
[0069] Next, in S114, the calculated opening correc- 
tion value Is added to the desired throttle opening base 
value THLMAP to obtain the desired throttle opening 
THLCMD. 

[0070] When the result in SI 04 Is NO, the program 45 
goes to 81 1 6, in which it Is checked whether the desired 
power generation base value PGCMDBS Is zero, i.e., 
not negative, and thus whether no consumption com- 
mand has been issued by the battery 26 and the second 
generator-motor 36. 50 
[0071] When the result in S116 is NO, the program 
goes to S11 8, in which the desired throttle opening base 
value THLMAP is retrieved from a map THCMDMPR 
(whose characteristics are not shown, but similar to 
those used in 8108) using the desired power generation 55 
base value PGCMDBS, and then goes to SI 20, in which 
the desired throttle opening THLCMD is set to the de- 
tected value (unmodified). 



[0072] When the result in S116 is YES. the program 
goes to SI 22, in which the desired throttle opening base 
value is set to a prescribed value THIDLD correspond- 
ing to an idle opening near fully closed, and then goes 
to SI 20. 

[0073] The program then advances to SI 24 and the 

ensuing steps to subject the desired throttle opening 
THLCMD to a limit check. Specifically, in SI 24, it is 
checked whether the calculated desired throttle opening 
THLCMD is greater than a throttle opening upper limit 
THWOTD. When the result is YES, the program goes 
to SI 26, in which the desired throttle opening THLCMD 
Is restricted to the upper limit. 

[0074] When the result In SI 24 is NO. the program 
goes to S1 28, in which it is checked whether the desired 
throttle opening THLCMD is less than the prescribed 
value THIDLD, which corresponds to the idle opening. 
When the result is YES, the program goes to SI 30, in 
which the desired throttle opening THLCMD is restricted 
to the prescribed value. When the result is NO, the pro- 
gram goes to SI 32, in which the desired throttle opening 
THLCMD is maintained without modification. 
[0075] Next, in S134, the control input to be supplied 
to the stepping motor 46 for achieving the desired throt- 
tle opening is determined, whereafter, in SI 36, the ma- 
nipulated variable is sent to the stepping motor 46 
through a stepping motor drive circuit (not shown) to 
drive the throttle valve 1 4 to the desired throttle opening 
THLCMD. 

[0076] As explained in the foregoing, this embodiment 
calculates or detemnines the desired output (desired 
power generation amount) of the first generator-motor 
based on the required input (required power consump- 
tion amount) of the second generator-motor in real time 
and supplies the desired output in real time while con- 
trolling the engine speed to the point that optimizes the 
BSFC, i.e., minimizes internal combustion engine fuel 
consumption, of the engine 10. The embodiment there- 
fore achieves a marked improvement in fuel efficiency. 
[0077] Moreover, once the desired engine speed 
NECMD is determined at the point of minimum fuel con- 
sumption, the first generator-motor 22 allows the engine 
10 to rotate freely. The actual engine speed NE can 
therefore be converged on the desired engine speed 
NECMD. 

[0078] In addition, a battery ot relatively small capac- 
ity suffices, and even when the required Input increases 
momentarily in response to the operating state, the re- 
quired input can be supplied in real time. The battery 26 
is also safe from damage by overcharging. 
[0079] Further, since the desired power generation 
amount Is subjected to a limit check, stalling of the en- 
gine 10 does not occur even If the engine speed is in- 
creased or decreased through the first generator-motor 
22. 

[0080] In accordance with the first aspect of the Inven- 
tion, there is provided a system for controlling an output 
of a series hybrid vehicle, having an internal combustion 
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engine (1 0) whose output is regulated by a throttle valve 
(14), a generator-motor (22) connected to the engine to 
be rotated by the engine, an electric energy storage 
means (26) connected to the first generator-motor to be 
charged by the first generator-motor, and a second gen- 
erator-motor (36) connected to at least one of the first 
generator-motor and the electric energy storage means 
to input an output of at least one of the first generator- 
motor and the electric energy storage means to drive 
wheels (28) of the vehicle to propel the vehicle, charac- 
terized in that the system comprises: desired first gen- 
erator-motor power generation base value determining 
means (ECU 70, S10) for determining a desired power 
generation base value (PGCMDBS) of the first genera- 
tor-motor (22) which the first generator-motor is desired 
to generate; desired engine speed determining means 
(ECU 70, SI 2 - SI 6) for determining a desired engine 
speed (NECMD) which the engine (10) is desired to gen- 
erate; desired first generator-motor power generation 
amount determining means (ECU 70, S 18 - 48) for de- 
termining a desired power generation amount (PGCMD) 
of the first generator-motor which the first generator-mo- 
tor is desired to generate, based on the determined de- 
sired power generation base value (PGCMDBS) and the 
desired engine speed (NECMD); desired throttle open- 
ing determining means (ECU 70, SI 00 - SI 36) for de- 
termining a desired throttle opening (THLCMD) of the 
throttle valve (14) based on the desired power genera- 
tion amount (PGCMD) of the first generator-motor (22); 
and throttle valve driving means (ECU 70. pulse motor 
46) for driving the throttle valve (14) based on the de- 
termined throttle opening (TH). 
[0081] With this, it is possible to determine the desired 
power generation amount of the first generator-motor 
based on the requirement of the second generator-mo- 
tor (electric motor) in real time and to supply the desired 
amount in real time while effecting operation at the point 
that optimizes the BSFC of the internal combustion en- 
gine, i.e., that minimizes its fuel consumption. 
[0082] In accordance with the second aspect of the 
invention, the desired first generator-motor power gen- 
eration amount determining means includes: engine op- 
erating condition detecting means (ECU 70, SIB) for de- 
tecting operating condition of the engine (10) including 
at least the engine speed (NE) generated by the engine; 
correction value calculating means (ECU 70, Si 8 - 20) 
for calculating a deviation (SNE) between the detected 
engine speed (NE) and the determined desired engine 
speed (NECMD) and for calculating a correction value 
(SNE X KNE) by multiplying a gain (KNE) by the calcu- 
lated deviation (SNE); and desired first generator-motor 
power generation amount calculating means (ECU 70, 
S22) for calculating the desired power generation 
amount (PGCMD) of the first generator-motor (22) by 
adding the correction value to the determined power 
generation base value (PGCMDBS). 
[0083] With this, it is possible to determine the desired 
power generation amount of the first generator-nnotor 



based on the requirement of the second generator-mo- 
tor (electric motor) in real time, supply the desired 
amount in real time while effecting operation at the point 
that optimizes the BSFC of the internal combustion en- 
5 gine, i.e., that minimizes its fuel consumption, and im- 
prove response by rapidly converging the internal com- 
bustion engine speed on the desired value. 
[0084] In accordance with the third aspect of inven- 
tion, the desired throttle opening determining means in- 
10 dudes: desired throttle opening base value determining 
means (ECU 70. S100 - S118, S122) for determining a 
desired throttle opening base value (THLMAP) of the 
throttle valve (14); first generator-motor output estimat- 
ing means (ECU 70. S11 2) for estimating an actual pow- 
15 er output (PGA) of the first generator-motor (22) which 
the first generator-motor generates; correction value 
calculating means (ECU 70, 8112) for calculating a de- 
viation (PGCMD - PGA) between the estimated power 
output (PGA) and the determined desired power gener- 
ic ation amount (PGCMD) of the first generator-motor (22) 
and for calculating a correction value (KTHPG) by mul- 
tiplying a gain (PI D) by the calculated deviation; and de- 
sired throttle opening calculating means (ECU 70, S114, 
S120) for calculating the desired throttle opening (TH- 
25 CMD) by adding the correction value to the desired 
throttle opening base value. 

[0085] With this, it is possible to determine the desired 
generation amount of the first generator-motor based on 
the requirement of the second generator-motor (electric 
30 motor) in real time and to supply the desired amount in 
real time while effecting operation at the point that opti- 
mizes the BSFC of the internal combustion engine, i.e.. 
that minimizes its fuel consumption. 
[0086] In accordance with the fourth aspect of the in- 
35 vention, the desired first generator-motor power gener- 
ation amount determining means includes: power com- 
paring means (ECU 70, S26) for comparing the desired 
power generation amount (PGCMD) with a limit value 
(PGLMTHl); and replacing means (ECU 70, S28) for re- 
40 placing the desired power generation amount by the lim- 
it value when the desired power generation amount is 
found to be greater than the limit value. 
[0087] With this, it is possible to determine the desired 
output of the first generator-motor based on the require- 
45 ment of the second generator-motor (electric motor) in 
real time, supply the desired output in real time while 
effecting operation at the point that optimizes the BSFC 
of the internal combustion engine, i.e., that minimizes 
its fuel consumption, without stalling the internal com- 
50 bustion engine. 

[0088] Further, the system is configured such that the 
desired engine speed determining means determining 
the desired engine speed (NECMD) to minimize fuel 
consumption, and the first generator-motor (22) has an 
55 approximately same output capability as the engine (10) 
such that a capacity of the electric energy storage 
means (26) is made small. 

[0089] Furthemnore, the system is configured such 
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that the engine (10) is equipped with an EGR system 
(42) and wherein the desired engine speed determining 
means includes: determining means (ECU 70. Si 2) for 
determining whether EGR control is being conducted; 
and determines the desired engine speed (NECMD) dil- s 
ferently depending upon the determination. 
[0090] Furthermore, the system is configured such 
that the engine (10) is equipped with an EGR system 
(42) and wherein the desired throttle opening base value 
determining means includes: determining means (ECU io 
70. SI 06) for determining whether EGR control is being 
conducted; and determines the desired throttle opening 
base value (THLMAP) differently depending upon the 
determinatbn. 

[0091] Furthermore, the system is configured such is 
that the engine (10) is equipped with a variable valve 
timing system (V/T) and wherein the desired first gen- 
erator-motor power generation amount determining 
means Includes: determining means (ECU 70, S44) for 
determining whether, when switchover to high-speed 20 
side valve timing characteristics is prohibited, the de- 
sired power generation amount (PGCMD) is achieved 
without switching to the characteristics; and determines 
the desired first generator-motor power generation 
amount (PGCMD) separately depending upon the de- 2S 
termination. 

[0092] In the system.the gain (KNE) is a P gain, and 
the gain (PID) comprises a P gain, an I gain and a D gain. 
[0093] Although the invention has been explained 
with reference to a series hybrid vehicle, it can also be 30 
applied to a parallel hybrid vehicle. 
[0094] Although a battery is used as the electrical en- 
ergy storage means in the foregoing, a capacitor or any 
other means capable of storing electrical energy can be 
used instead. 

[0095] Although the engine output is controlled by the 
throttle opening TH in the foregoing, it can instead be 
controlled by controlling the amount of intake air using 
an Intake air amount regulating means other than a 
throttle. 40 



Claims 

1 . A system for controlling the output of a hybrid vehi- ^5 
cle, having an interna! combustion engine (10) 
whose output is regulated by air amount regulating 
means (14), a first generator-motor (22) connected 
to the engine to be rotated by the engine, an electric 
energy storage means (26) connected to the first so 
generator-motor to be charged by the first genera- 
tor-motor, and a second generator-motor (36) con- 
nected to at least one of the first generator-nnotor 
and the electric energy storage means to input an 
output of at least one of the first generator-motor 55 
and the electric energy storage means to drive 
wheels (28) of the vehicle to propel the vehicle. 
CHARACTERIZED IN THAT: 



the system comprises: 

desired first generator-motor power generation 
base value determining means (ECU 70. 810) 
for determining a desired power generation 
base value (PGCMDBS) of the first generator- 
motor (22) which the first generator-motor is 
desired to generate; 

desired engine speed determining means 
(ECU 70, SI 2 - 816) for determining a desired 
engine speed (NECMD) which the engine (10) 
is desired to generate; 

desired first generator-motor power generation 
amount determining means (ECU 70, 818 - 48) 
for determining a desired power generation 
amount (PGCMD) of the first generator-motor 
which the first generator-motor is desired to 
generate, based on the determined desired 
power generation base value (PGCMDBS) and 
the desired engine speed (NECMD); 
desired air amount determining means (ECU 
70, S100-S136) for determining a desired 
throughput (THLCMD) of the air amount regu- 
lating means (14) based on the desired power 
generation amount (PGCMD) of the first gener- 
ator-motor (22); and 

air amount regulating means driving means 
(ECU 70. pulse motor 46) for driving the air 
amount regulating means (14) based on the de- 
termined air amount (TH). 

2. A system according to claim 1 . wherein the desired 
first generator-motor power generation amount de- 
termining means includes: 

engine operating condition detecting means 
(ECU 70, 818) for detecting operating condition 
of the engine (10) including at least the engine 
speed (NE) generated by the engine; 
correction value calculating means (ECU 70, 
SI 8 - 20) for calculating a deviation (8NE) be- 
tween the detected engine speed (NE) and the 
determined desired engine speed (NECMD) 
and for calculating a correction value (SNE x 
KNE) by multiplying a gain (KNE) by the calcu- 
lated deviation (SNE); and 
desired first generator-motor power generation 
amount calculating means (ECU 70, 822) for 
calculating the desired power generation 
amount (PGCMD) of the first generator-motor 
(22) by adding the correction value to the de- 
termined power generation base value (PGC- 
MDBS). 

3. A system according to claim 1 or 2, wherein the de- 
sired air amount determining means includes: 

desired throttle opening base value determln- 
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ing means (ECU 70, S100 - S118. S122) for de- 
termining a desired throttle opening base value 
(THLMAP) of a throttle valve (14); 
first generator-motor output estimating means 
(ECU 70, S11 2) for estimating an actual power 
output (PGA) of the first generator-motor (22) 
which the first generator-motor generates; 
correction value calculating means (ECU 70, 
S112) for calculating a deviation (PGCMD - 
PGA) between the estimated power output 
(PGA) and the determined desired power gen- 
eration amount (PGCMD) of the first generator- 
motor (22) and for calculating a correction value 
(KTHPG) by multiplying a gain (RID) by the cal- 
culated deviation; and 

desired throttle opening calculating means 
(ECU 70. S1 14, SI 20) for calculating the de- 
sired throttle opening (THCMD) by adding the 
correction value to the desired throttle opening 
base value. 

4. A system according to any o1 claims 1 to 3, wherein 
the desired first generator-motor power generation 
amount determining means includes: 

power comparing means (ECU 70, S26) for 
comparing the desired power generation 
amount (PGCMD) with a limit value 
(PGLMTHI); and 

replacing means (ECU 70, S28) for replacing 
the desired power generation amount by the 
limit value when the desired power generation 
amount is found to be greater than the limit val- 
ue. 

5. A system according to any o1 claims 1 to 4, wherein 
the desired engine speed determining means de- 
termines the desired engine speed (NECMD) to 
minimize tuel consumption. 

6 A system according to any of claims 1 to 5, wherein 
the first generator-motor (22) has an approximately 
same output capability as the engine (10) such that 
a capacity of the electric energy storage means (26) 
is made small. 

7 A system according to any of claims 1 to 6, wherein 
the engine (10) is equipped with an EGR system 
(42) and wherein the desired engine speed deter- 
mining means includes: 

determining means (ECU 70. SI 2) for deter- 
mining whether EGR control is being conduct- 
ed; and 

determines the desired engine speed (NEC- ^ 
MD) differently depending upon the determina- 
tion. 



A system according to claim 3 or any of claims 4 to 
7 when dependent on claim 3, wherein the engine 
(10) is equipped with an EGR system (42) and 
wherein the desired throttle opening base value de- 
termining means includes: 

determining means (ECU 70, SI 06) for deter- 
mining whether EGR control is being conduct- 
ed; and 

determines the desired throttle opening base 
value (THLMAP) differently depending upon 
the determination. 

A system according to any of claims 1 to 8, wherein 
the engine (10) is equipped with a variable valve 
timing system (V/T) and wherein the desired first 
generator-motor power generation amount deter- 
mining means includes: 

determining means (ECU 70, S44) for deter- 
mining whether, when switchover to high- 
speed side valve timing characteristics is pro- 
hibited, the desired power generation amount 
(PGCMD) is achieved without switching to the 
characteristics; and 

determines the desired first generator-motor 
power generation amount (PGCMD) separate- 
ly depending upon the determination. 

30 10. A system according to claim 2. wherein the gain 
(KNE) is a P gain. 

11 A system according to claim 3. wherein the gain 
(PID) comprises a P gain, an I gain and a D gam. 
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a desired power generation amount of the first genera- 
tor-motor is determined based on a determined desired 
power generation based value and the desired engine 
speed. Then, the throttle opening is controlled to 
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the internal combustion engine. 
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